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Piezoelectric sensor arrangement 
Technical field 

5 The present invention relates to a piezoelectric sensor arrangement, a sensor element 
and a flow cell element to be used in the sensor arrangement. 

Background 

10 A Quartz Crystal Microbalance (QCM) system utilizes the piezoelectric effect of a 
quartz crystal. In such a system a quartz crystal that is placed between two electrodes, 
which are connected to an AC-potential, begins to oscillate if the frequency of the AC- 
potential is close to the resonance frequency of the oscillation mode for the quartz 
crystal. The resonance frequency of the quartz crystal is a function of many parameters,: 

1 5 such as temperature, pressure, cut angel of the crystal, mechanical stress and thickness 
of the crystal. The resonance frequency is inversely proportional to me square root of 
the thickness of the crystal as described by the Saurbrey equation: 

pv A 

where f is the resonance frequency, p the density of quartz, v the shear wave velocity 
20 in quartz, A the electrode area and Am the sample mass. Typical resonance frequencies 
used in liquid applications range from 1 MHz to 50 MHz. The crystal is normally AT- 
. cut with a circular or quadratic shape with a diameter of approximately 5-10 mm. The 
electrodes are normally of gold on both sides, but other metals are not unusual. The 
electrodes are very thin compared to the quartz crystal plate and can therefore be con- 
[•"25 sidered as part of the crystal plate. When material is added to or removed from one of 
the electrodes, it becomes thicker or thinner, i.e. the associated weight of the electrode 
: changes. As a consequence of the mass change of the electrode, the resonance fre- 
quency of the crystal plate will either decrease or increase and hence the change of 
resonance frequency can be measured to detect the mass change of the electrode. The 



mass resolution of a QCM system can be as low as 1 pg/cm , corresponding to less 
than 1 % of a monolayer of hydrogen. 

A typical QCM piezoelectric system comprises a sensor unit, a sample insertion unit, a 
frequency counter, and signal presentation equipment and buffer and -waste containers. 
A sample, which can contain any chemical substance of interest, is introduced into the 
sensor unit by the sample insertion unit. The sensor unit contains a piezoelectric reso- 
nator, a sensor chamber, flow channels to and from the chamber and an oscillating cir- 
cuit. The sample induces an interaction with the piezoelectric sensor surface, which 
can in turn be observed by monitoring the oscillating characteristics of the crystal plate, 
e.g. by measuring changes in the piezoelectric resonator frequency. The resonator util- 
ised by the sensor unit includes a crystal plate, which is a plane piezoelectric crystal. 
The crystal plate is provided with electric contact areas for an electrode and a counter 
electrode on its surface, which electrodes are connectable to a signal source (e.g. an 
alternating voltage source) as well as to a measurement device. For measuring, the pie- 
zoelectric crystal plate is on one side brought into contact with the liquid sample to be 
examined. The crystal responds to the accumulation of the mass of the substance to be 
detected or to a change in the physical properties of the sample by altering its reso- 
nance frequency and/or oscillation amplitude. 

Piezoelectric sensors can be used for analysis of the viscosity of a liquid sample and 
are particularly suitable for studying chemical and biochemical interactions. If a pie- 
zoelectric sensor is to be used for the latter purpose, the electrode that is to be exposed 
to the sample is provided with a specific surface coating, which will interact with the 
sample. Such surface coated piezoelectric sensors can be used within for example sur- 
face science, biotechnology research and pharmaceuticals development. Other applica- 
tions can be as sensor for detection of hazardous gases or substances such as environ- 
mental contaminants, biochemical warfare agents and illicit drugs, e.g. narcotic sub- 
stances or performance improving drugs (doping). A third area for application of the 
technology is health diagnostics, where the sensor can be used for examining patients 
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for different diseases by analysis of human blood or other body fluids. The use of pie- 
zoelectric resonators in these areas has up to now not gained a commercial acceptance, 
due to the drawbacks of the hitherto available systems. 

5 The crystal plates utilised by piezoelectric resonators are usually small oscillator quartz 
crystal plates. However, due to the structure of the small plates, the resonating behav- 
iour of the resonator may be impaired, i.e. by mechanical tension in the small plates 
caused by the holding carriers or by contacting with electric lines. 

10 An example of a small oscillator quartz crystal plate that is fixed in a holding carrier is 
described in GB 2 154 058 A. The small oscillator quartz plate is provided with elec- 
trodes deposited on its surface and is spatially fixed between two holding clamps and 
electrically contacted. A disadvantage of this arrangement is that even with the least 
exerted force, acting on the two parts, which are spaced apart, a mechanical tension 

15 can be generated in the small plate glued between parts, thereby influencing its reso- 
nance behaviour. 

As already mentioned piezoelectric resonators are advantageously used as active sensor 
elements, e.g. for detecting a substance in a medium, for instance, for measuring the 
20 concentration of the substance in a liquid. When working with liquids, the oscillator 
quartz to be electrically contacted has also to be insulated liquid-tight against the to-be- 
"\ examined liquid in order to prevent electric short circuits. Such a sensor is described in 
.-" : EP 453 820 Bl. This sensor provides a small oscillator quartz plate, which is clamped 
:* ■ on both sides between two silicon seals and, in addition, is contacted to conductive ad- 
f - - -25 hesive substances. However, the use of conductive adhestves has the consequence that 

m - m 

: '. : the electric contact cannot be disconnected, which, for instance, makes replacing the 
: \ small oscillator quartz plate impossible or at least requires great manual skill. Moreo- 

» m m 

[: . '[ ver, the silicon seals surrounding the small oscillator plates on all sides have to be 

* m 

made with great precision in order to prevent deformations in the small plate. 
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These known sensors for measuring concentrations or reactions of a substance in liq- 
uids and for determining the physical properties of liquids operating on the basis of 
piezoelectric resonators have in brief the following drawbacks: 



The small oscillator quartz plates are glued to or clamped in a holding means, which 
can impair the resonance behaviour of the resonator itself due to mechanical tensions. 
Moreover, glued and clamped electric contacts on the surface of small oscillator quartz 
plates are not totally reliable, in particular, when employed for measuring concentra- 
tions of substances in liquids. Precautions must be taken in order to avoid short cir- 
cuits. A stable and uniform quality of the contacting is not possible by this means. 

In the known cases, the piezoelectric resonators are provided with contact areas, which 
are to be connected to an electrical oscillation circuit and respectively to a measuring 
system, for electrical contacting on both its front side as well as on its rear side. The 
integration of the piezoelectric resonator in a casing with respective electric contacting 
is difficult and time consuming. Good stable quality of the electric properties, in par- 
ticular, when using a piezoelectric resonator in a holding means, which permits bring- 
ing the small oscillator plate into contact with a sample to on one side, is impossible. 

Holding means of this type are also called flow-through cells, which are a unit, in 
which the already electrically contacted small oscillator quartz plate is connected to the 
connecting electrodes. Furthermore, defined supply and drain channels are provided 
via which the sample can be selectively supplied to the piezoelectric resonator and 
drained again. For flow-through cells of this type, the user needs much time and man- 
ual skill in replacing the crystal. In particular, in the field of biosensors, replacement 
often becomes necessary, because each different substance to be detected requires a 
specially prepared flow-through cell. In an attempt to overcome these problems the 
resonator has been integrated in a flow-through cell, as described in US 6 196 059. 
However, even though such an integrated flow-through cell may be easy to handle, it 
has to be manufactured with high precision. Another drawback is that the surface 
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coating of the electrode area has to be performed before gluing the resonator to the 
flow cell and the entire flow cell must be disposed of after use. In addition, there is a 
risk that the gluing process may interact with the surface coating and disable the de- 
sired functionality of the surface coating. 

5 

The object of the present invention is to provide a piezoelectric sensor arrangement 
that gives reliable analysis results, has inexpensive disposable parts and is easy to han- 
dle. 

10 Summary of the invention 

This object is achieved by a piezoelectric sensor arrangement for analysis of fluid sam- 
ples, which includes a signal source, a measuring device and a docking system, which 
comprises a first part provided with means for receiving a sensor element that exposes 

1 5 a piezoelectric quartz crystal and a second part comprising fluid channels for the sam- 
ple and a removable flow cell element that comprises an inlet and an outlet fluid chan- 
nel for leading a fluid through the recess, wherein the first and second parts are mov- 
able in relation to each other between a closed position and an open position and ar- 
ranged such that in the closed position the recess of the flow cell element is sealingly 

20 covered by the piezoelectric quartz crystal so that a flow cell is formed by said flow 
cell element and said quartz crystal. 

» a 

: In comparison to the conventional liquid connection systems, which use flow cells 
composed of a plurality of components, such as the one in US 6 196 059 Bl, manu- 

-25 facturing costs are lowered. This is an essential advantage, since the sensor crystals are 
made only for single use and must be disposed of after use. In addition, the sensor ar- 

•j rangement of the present invention is very easy to handle, since the user does not need 
to possess any personal skill to assemble the flow cell. 



The present invention also relates to a sensor element for analysis of fluid samples in a 
piezoelectric sensor arrangement, which comprises a carrier to which a piezoelectric 
quartz crystal is attached, said crystal having a front side and a rear side, where said 
front side is intended to come into contact with the fluid sample and is provided with a 
5 front electrode and said rear side is provided with a rear electrode, both electrodes be- 
ing adapted to receive electric signals for generation of an oscillating motion of the 
crystal, characterised in that the crystal is arranged on the carrier in such a manner that 
the front side of the crystal and the front electrode are freely accessible. 

1 0 The present invention also relates to a flow cell element which is provided with an 
outwardly open recess and inlet and outlet fluid channels by means of which a fluid 
sample can be lead through the recess. 

The present invention also relates to a flow cell comprising the above mentioned flow 
1 5 cell element, wherein the recess is covered by the crystal of the above mentioned sen- 
sor element. 

Brief description of the drawings 

20 The invention will now be described in detail by reference to the accompanying draw- 
ings, in which: 

♦ • ► 

m ~ r 

/. : Fig. 1 shows a block diagram of a typical piezoelectric resonator analysis system; 

• " . . . Fig. 2a shows an oblique view partly in cross section of a piezoelectric sensor ar- 

i ■■ .25 rangement according to a first preferred embodiment of the present invention in a 

: V closed position; 

• * • 

': \ Fig. 2b shows a similar view as in Fig 2a, but with the piezoelectric sensor arrange- 

• * m 

• m m 

ment in an open position; 

Fig. 3 shows an oblique view of a sensor element to be used in the arrangement in Fig. 
30 2a,b according to one embodiment of the present invention; 



Fig. 4 shows an oblique view of an alternative embodiment of a sensor element to be 
used in the sensor arrangement; 

Fig. 5 shows an oblique view of a quartz crystal plate with a metal holder; 
Fig. 6a shows an oblique view of a quartz crystal plate; 
5 Fig. 6b shows a cross section representation of the quartz crystal plate in Fig. 6a; 
Fig. 7 shows an oblique view of a flow cell element of the present invention; 
Fig. 8 shows a cross section representation of a flow cell of the present invention; 

Description of the embodiments 

10 

The piezoelectric sensor arrangement of the present invention is intended to be a part 
of an analysis system, which is shown in Fig. 1, for sensing chemicals and chemical 
reactions in liquids. Such an analysis system comprises a computer (PC) 1 for control- 
ling and presenting data, a frequency counter 2, a sample insertion unit 3, a sensor ar- 
1 5 rangement 4, a buffer solution container 5 and a waste container 6. 

Fig. 2a and 2b show a piezoelectric sensor arrangement 4 according to a preferred em- 
bodiment of the invention. The arrangement comprises a docking system, which in- 
cludes a first part 8 provided with means 9 for receiving a sensor element 10 and a 
20 second part 11,12, which comprises fluid channels 13 for Hie sample and a removable 
flow cell element 14. The first and second parts are movable in relation to each other 

• • • 

* - ' * between a closed position (Fig. 2a) and an open position (Fig. 2b). The sensor element 
/ . 10 exposes a piezoelectric quartz crystal plate 32 (see Fig. 3) that is partially coated 

: - . with electrode material on both sides. One of the electrodes is to be exposed to the 

V 25 sample and the electrode material of this electrode will interact with the components of 

: ". : the sample. The other electrode functions as a counter electrode. As shown in Fig 7, 

» • » 

the removable flow cell element 14 comprises a recess 45 and inlet and outlet fluid 
channels 46 for leading the sample fluid through the recess. The first part 8 and the 
second part 1 1, 12 are arranged such that the recess 45 of the flow cell element 14 is 
3 0 sealingly covered by the piezoelectric quartz crystal 32 in the closed position, thus 



forming a flow cell by the flow cell element and the quartz crystal. The arrangement 
further includes a signal source 15, for transmitting electrical signals to the electrodes. 
The signal source and the electrodes form an electric circuit and the oscillation char- 
acteristics of the crystal plate 32 is monitored by a measuring device that is connected 
to the signal source, e.g. by measuring the changes in crystal resonance frequency. 

The sensor element receiving means 9 has a cavity, which is externally accessible via a 
slot 16, and through which slot the sensor element 10 can be inserted. It is also pro- 
vided with an opening 17 through which the crystal plate of the sensor element can 
come into contact with the flow cell element 14. In the bottom of receiving part 9 a 
drainage hole is preferably provided, to avoid flooding should a leakage occur. 

The first part 8, i.e. the sensor receiving part, of the docking system is preferably ar- 
ranged as a movable part, slidably mounted to the second part 1 1, 12, which is then 
fixed. The sensor receiving 8 part can thus be slidably moved with relation to the sec- 
ond part 11,12, between the open position and the closed position, in which the quartz 
crystal plate 32 comes into abutment with the flow cell element in the second part 1 1, 
12. Alternatively, the second part 1 1, 12 may be arranged as a movable part, whereas 
the first part 1 1 is fixed. 

The second part 11, 12 of the arrangement in its turn includes one sample providing 
part 1 1 and one operating part 12. The sample providing part has a recess 18 into 
which the flow cell element 14 can be inserted. The recess is adapted so as to corre- 
spond to the dimensions of an insertion part of the removable flow cell element 14 that 
is directed away from the sensor element. Preferably the dimensions of the recess 18 
are slightly smaller so that the flow cell element is retained by friction. The flow cell 
element may also be attached by screws or other mechanical means. The sample pro- 
viding part has two through-bores 19 for conduction of the sample to and from the 
flow cell. The through-bores are externally accessible at one end and lead to the bottom 
of the recess 18 at their other end. Flow channel tubing 13 can advantageously be in- 



serted into the through-bores and be arranged to extend out into the recess 18 so that 
the tubing is partially inserted into the flow channels 46 of the flow cell element 14. 
The sample is supplied to the flow channel by means of a pressure differential between 
the inlet and the outlet of the flow channels. The pressure differential can be achieved 
5 by a syringe or a pump. The flow channel tubing is made of a material that is inert to 
the sample, such as PEEK or stainless steel and has an internal diameter of 0.1-1 mm. 
The sample providing part is also provided with electrical contacts 22 for connection 
with electrical contact areas on the sensor element. The contacts are preferably spring 
loaded contacting pins, with a spring force of 10-200 g, preferably 25-75 g. 

10 

The operating part 12 includes an operating screw 23 which is connected to the sensor 
receiving part 8 by thread engagement and which is operated by a handle 24 that is 
fastened to the screw. The operating part 12 has a cavity 25, which fits a nut 26. The 
operating screw 23 is attached to the operating part 12 in such a manner that it can ro- 

1 5 tate without any axial motion with relation to the operating part. The threads of the 
screw engage internal threads of a bore 27 in the sensor receiving part 8. Upon rotation 
of the screw 23 the sensor receiving part will thus move linearly towards or away from 
the sample providing part 1 1, depending on the rotational direction. The movement can 
be performed either manually or automatically with a motor and an electronic control 

20 system. It is important that the positioning of the piezoelectric crystal against the flow 
cell element is very accurate. In order to obtain a precise fitting in of the crystal plate, 

' the sensor element receiving means 9 is mounted on three guide rods 28, which are 
/ . spring loaded by means of springs 29 and steered by slide bearings 30 in the operating 

* - ■ 

: l * part 12, guided between the closed and open positions by means of along a linear path. 

» mm 

: * . 25 The threads of the screw 23 and the bore 27 have a very low pitch, which enables a 

: " - ' : very exact adjustment of the force with which the crystal plate is pressed against the 

: . . . : flow cell element. The pressing force of the crystal plate on the flow cell element 

should be as low as possible, as far as the flow cell formed is sufficiently sealed, i.e. 

"~ # that no sample leakage occurs. The force is dependent on the material hardness of the 

30 flow cell element and can be determined experimentally by running the sensor ar- 




rangement with a test sample, e.g. water. The operating part 12 of the sensor arrange- 
ment may preferably also be provided with a locking device that locks the screw as it 
reaches the position in which the crystal abuts the flow cell element with the empiri- 
cally determined appropriate force. Such a device may consist of a spring-loaded 
5 locking pin on the nut 26 that enters a slot in the screw 23. As an alternative to the 
screw and nut, a hydraulic or pneumatic cylinder may be used for the movement of the 
sensor receiving part. 

The sensor arrangement may be constructed as a multi-channel system, having several 
10 flow cells, each of them formed by abutment of a crystal plate and a flow cell element. 
In one embodiment, the sensor arrangement includes one sensor element receiving 
means 9 per flow cell and corresponding flow cell elements for each sensor element. In 
another embodiment, a number of crystal plates may be provided on a single sensor 
element, each crystal plate having a corresponding flow cell element on the sample 
1 5 providing part. The flow cell element may also be shaped so as to comprise several 
flow cell recesses, each having separate inlet and outlet channels. The flow cells may 
be coupled in parallel or in series. If the flow cells are coupled in parallel, a number of 
parallel sensor runs may be performed simultaneously. The crystal plates of the differ- 
ent flow cells may have different specific coating, thereby giving an opportunity to 
20 detect different substances in the sample. This is particularly practical if the flow cells 
are coupled in series. 

* * - 
♦ 

■ The sensor arrangement may optionally be provided with electromagnetic shielding 
. : ' and means for regulating the temperature. 
i% 25 

■ 

• ^ 

:* * *: A sensor element to be used in the sensor arrangement is shown in Figs. 3 and 4. The 

'[.[' sensor element comprises a carrier 31 to which a piezoelectric quartz crystal plate 32 is 

V*: attached. The carrier has the shape of a plate and has a surface area of 1-100 cm 2 , pref- 

: — " erably 5-30 cm 2 and more preferably 10-20 cm 2 . The thickness of the carrier is 0,5-1 0 

30 mm. The crystal that is attached to the carrier is shown in Figs. 5 and 6, and has a front 



side 32 and a rear side (not shown). The front side 32 is intended to come into contact 
with the fluid sample and is provided with a front electrode 33 and the rear side is pro- 
vided with a rear electrode, which functions as a counter electrode. The electrodes are 
preferably made of gold. Both electrodes are adapted to receive electric signals for 

5 generation of an oscillating motion of the crystal. The crystal is arranged on the carrier 
in such a manner that the front side of the crystal 32 and the front electrode 33 are 
freely accessible for contact with the sample, whereas the counter electrode is directed 
towards the carrier plate, such that it does not come in contact with the sample. In the 
embodiment shown in Fig. 3 the carrier consists of a single rectangular plate, which 

10 has a smooth surface that is substantially flat. 

In another embodiment of the sensor element, shown in Fig. 4, the carrier comprises a 
front part 34 and a rear part 35, between which the crystal 32 is attached. Both parts 
have the same width and length and the front part is provided with an opening 36 for 
1 5 exposure of the crystal to the sample and is also provided with apertures, which expose 
electrical contacting areas 37 that are thus externally accessible for the electrical con- 
tacts 22 on the sample providing part. 

Irrespective of its design the carrier comprises a recess or opening in the area of the 
20 rear electrode, so as to allow free oscillation of the crystal. If the carrier comprises an 
opening the electrodes may also be electrically contacted from the rear side of the 
crystal. The carrier is preferably also provided with an aperture 38 for insertion of a 
locking pin, which is intended to ensure the correct position of the sensor element in 
the receiving means. 

25 

The surface area of each electrode 33 is smaller than the surface area of the crystal, 
preferably 10-90% of the crystal area. Thus each side of the crystal comprises an area 
between the electrode edge and the crystal periphery that is not covered by electrode 
material. In order to be able to obtain electrical contact between the electrode and the 



holding plates, a connecting portion 33a of the electrode extends towards the crystal 
periphery thus presenting a conductive but not oscillating extensions of the electrode. 

Both electrodes 33 are electrically connectable to external contacts 22, by Iheir con- 
5 nection portions 33a. In the embodiment shown in Fig. 3, the crystal plate is held by a 
holder 7, which also provides electrical contact between the electrodes and die electri- 
cal contacts 22 on the sample providing part, via contacting legs 39. The crystal with 
the holder is also shown in Fig. 5. The holder comprises two metal holding plates 40, 
having an aperture into which the periphery of the crystal is inserted. In order to im- 

10 prove the electrical contact additionally, the holding plates may also be soldered to the 
electrodes. The holding plates are attached to a mounting plate 41 and electrically con- 
nected to the contacting legs 39. The holding plates 40 and their respective contacting 
leg 39 are preferably made in one piece. The holder 7 with the crystal is arranged on 
the carrier such that the contacting legs can be directly contacted by the electrical con- 

1 5 tacts 22 of the sample providing part. In this embodiment the carrier is provided with 
recesses that can partly receive the holder, so that the crystal is supported by the flat 
surface of the carrier plate. In the embodiment of the sensor element comprising a rear 
part 35 and a front part 34 shown in Fig. 4, both parts are provided with recesses for 
the holder. The apertures in the front part are located right in front of the contacting 

20 legs 39 so that the electrical contacts 22 of the sample providing part can come in con- 
tact with the contacting legs. 

■ * m 

In another embodiment the crystal plate is attached directly to the carrier, i.e. no holder 

» * * 

■ ' / is used. The crystal plate is attached to the carrier e.g. by means of an adhesive if a sin- 
" ... 25 gle plate carrier is used. The adhesive does not impair the detection, since it has no 

• " • sealing function and is applied to the side of the crystal plate mat does not come in 
... : contact with the sample. If a double plate carrier is used the crystal plate may be 
: : clamped between the rear and front parts of the carrier with additional use of adhesive 
attachment if desired. The contacting of the electrodes on the crystal surface is then 
30 performed by direct contact of the electrical contacts 22 of the sample providing part. 
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This can be achieved by arranging the electrical contacts 22 such that they can reach 
the crystal surface by using spring-loaded contacting pins that can contact directly to 
the electrode surfaces, via the connecting portion 33a, with a limited force. Such 
spring-loaded contacting pins are commercially available. As the crystal has two elec- 
5 trodes, one on each side of the crystal, the electrodes may have a special design that 
enables direct contacting with contacting pins. One of the electrodes 42 is thus, as is 
shown in Fig. 6a and 6b, designed so to include a portion 42a that extends to the pe- 
riphery of the crystal, around the edge of the crystal plate and up on the other side of 
the crystal plate. By this design the contacting area 42a of one of the electrodes is situ- 

10 ated on the opposite side of the crystal plate and on the same side as the other electrode 
33. This makes it possible to contact both electrodes 33, 42 from one side of the crystal 
plate. The electrodes can be contacted electrically from the front side of the crystal 
plate, i.e. flow cell side, or from the rear side, i.e. the counter electrode side. Contact- 
ing the electrodes on the rear side has the advantage that there is more space available 

1 5 for the contacting pins on the non-fluid side of the crystal. In this case the carrier has 
an opening which exposes also the rear side of the crystal and the spring-loaded elec- 
trical contacts are provided on the operating part. The crystal will thus be docked from 
both sides. 

20 The electrodes are, however, most advantageously contacted on the flow cell side of 
the crystal. This enables a less complicated construction of the sensor arrangement, 
since the crystal plate only has to be docked from the front side. The arrangement thus 
contains less movable parts. There is little space for the electrical contacts 22 to reach * 
the contacting areas of the electrodes. In order to enable the electrical contacts 22 to 
25 reach both connecting portions 33a, 42a, also the electrical connecting portion 33a of 

the electrode on the flow cell side is designed so as to reach the periphery of the crystal 
[: and if desired also around the crystal edge. The spring-loaded electrical contact pins 
can then more easily be contacted with the conductive but not oscillating extensions of 
the electrodes on the periphery of the crystal. 

30 
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In another embodiment that uses the crystal plate without a holder, the carrier has a 
printed conducting pattern that connects the electrodes to the electrical contacting areas 
37. 

5 The sensor arrangement of the present invention is particularly useful for detection of 
chemical substances and chemical interactions/reactions, especially in biochemical ap- 
plications. The front electrode 33 on the front side of the crystal is then coated with an 
active substance that is specific to the substance or the reaction to be analysed. The 
surface coating can be applied on the electrode surface prior to the attachment of the 

10 crystal plate to the carrier, but may also be performed after the attachment, which may 
be advantageous in some applications. 

The sensor element is preferably provided with a removable protective foil that is ar- 
ranged so as to cover the crystal. The protective foil may be arranged such that it is 
1 5 peeled off as the sensor element is inserted into the receiving means. The protective 
foil is preferably resealable. 

The flow cell element 14 comprises an abutting part 43 and an insertion part 44 on top 

of each other. The abutting part has the geometry of a cylinder, having a cross section 
20 that substantially corresponds to the geometry of the electrode 33. In the case a double 

plate carrier is used the cross section of the abutting part must be smaller than the 
T: opening 36 in the front part of the sensor element, so that the abutting part can be in- 
: serted into the opening 36 and thus reach the crystal plate. The insertion part 43 of the 

flow cell element is has also the geometry of a cylinder, the cross section of which has 
. 25 a shape that is adapted to the bottom of recess 1 8 in the sample providing part of the 

* * 

sensor arrangement. The cross section of the insertion part 43 and may be of any shape, 
* ' : as long as it corresponds to the recess 1 8. Preferably the cross section is such that the 
/ : : flow cell element only can be inserted into the recess such that the inlet and outlet 
~ - . ; channels 46 are placed just in front of the fluid channels 1 3. As has been described 
30 above, the insertion part should be slightly larger than the recess, so that the flow cell 
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element may be retained by friction. The base of the insertion part may for example 
rectangular. The abutting part 43 and the insertion part 44 may be separate parts at- 
tached to each other, but are most advantageously made in one piece. 

5 The abutting part 43 of the flow cell element 14 is provided with an outwardly open 
recess 45 and inlet and outlet fluid channels 46 by means of which a fluid sample can 
be lead through the recess. The recess 45 is constituted by a ridge 47 that has a smooth 
upper surface 48 and a bottom that is a flat surface. The depth of the recess, i.e. the 
height of the ridge is 0,01-05 mm, preferably 0,05-0,2 mm. The smooth upper surface 

10 48 of the ridge has a width of 0,05- 1 mm. 

In use the flow cell element will abut to the surface of the crystal plate of the sensor 
element so that the recess is covered by the crystal plate, whereby a flow cell is 
formed. The ridge 47 should have a shape that corresponds to the shape of the elec- 

15 trode 33, intended for use as the sensor electrode. The recess should be slightly larger 
than the electrode surface. For instance, in the case of a circular electrode, the ridge 
should also have a substantially circular shape and the circle formed by the inner edge 
49 should have a radius of the electrode plus x, where x is 0-1 mm, preferably in the 
range 0.1-0.5 mm. To stabilize a thin dimension of the ridge and to minimize the con- 

20 tact area with the crystal surface, the ridge can be given a tapered shape, providing a 
wider base and a narrower surface 48. 

* * «k 

: At the bottom of the recess, inlet and outlet fluid channels 46 are arranged close to the 
[{"• periphery of the recess and diametrically opposed to each other, so that the sample 
I. 25 flow enters the flow cell at the periphery of the electrode, in order to avoid any pulsa- 
: ■ , • . tion on the electrode. In one embodiment the recess has extensions 52 in which the in- 
: " * ; let and outlet fluid channels 46 are arranged. By this arrangement the sample may enter 
V - j the flow cell outside the electrode surface of the crystal, flow over the electrode sur- 

. . : face and exit the flow cell outside the electrode surface. The ridge can thus abut to the 



surface of the crystal very close to the edge of the electrode. This results in much better 
flow characteristics in the flow cell. 

As shown in Fig. 8, the flow channels 46 run through the flow cell element from the 
5 side of the flow cell element that is to be inserted into the recess 18 in the sample pro- 
viding part of the sensor arrangement to the recess 45 that will form the flow cell 50. 
The sample will be supplied to one of the flow channels 46 and emptied through the 
other after having passed the flow cell. The flow channels have a larger diameter at the 
end that is directed away from the flow cell, than at the end closest to the flow cell. 
10 Cylindrical cavities are thus provided, which are adapted to receive and enclose the 
ends 51 of the sample supply tubing 21. Preferably these cylindrical cavities have a di- 
ameter slightly smaller than that of the sample supply tubing to accomplish a squeeze- 
fit joint, with zero dead volume. Consequently, fluidic connections are achieved that 
have zero dead volume and, in addition, causes minimal fluidic distortion to the flow, 
1 5 decreasing the dispersion and thus achieving higher quality in the analysis. 

At least the ridge 47 of the flow cell element is made of an elastic material, but pref- 
erably the whole flow cell element is made in one piece of elastic material, e.g. PUR, 
Silicon or PDMS etc. A material hardness of 45-95° Shore is suitable. 

20 

In operation of the sensor arrangement, it is in its open position at the beginning of an 
: analysis procedure. A sensor element 10, 40 is inserted into the sensor element receiv- 
j ing means 9. A sensor element is chosen, which has a coating on its sensing electrode 
• : that is specific to the substance or reaction to be detected or analysed. The sensor re- 
*25 ceiving part 8 is then moved by means of the screw 23 towards the sample providing 

part 1 1 until the crystal plate of me sensor element abuts the flow cell element and the 
--. contacting areas of the sensor element 37 come in contact with contacting pins 22. A 
-.: flow cell 50 has now been formed and electrical contact with the sensor electrodes and 
... : the measuring equipment has been established. A sample is supplied to the flow cell 
30 via the flow channel tubing 21 and one of the flow channels 46. As the sample passes 
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through the flow cell the component to be detected interacts or reacts with the coating 
of the sensor electrode surface, whereby the resonance frequency of the electrode 
changes. The measuring equipment registers the change in resonance frequency. As the 
analysis is completed, the sensor receiving part 8 is moved away from the sample pro- 
5 viding part 1 1 into the open position and the used sensor element is removed. The sen- 
sor arrangement is now ready for use with a new sensor element. In some analyses the 
fluid channels and the reusable flow cell element is rinsed off, e.g. by leading water or 
any other suitable cleaning medium through the flow cell. 



Claims 



1 . A piezoelectric sensor arrangement for analysis of fluid samples, characterised in 
5 that it includes a signal source, a measuring device and a docking system, which com- 
prises a first part (8) provided with means (9) for receiving a sensor element (10) that 
exposes a piezoelectric quartz crystal (32) and 

a second part (11, 12) comprising fluid channels (13) for the sample and a removable 
flow cell element (14) that comprises a recess (45) and inlet and outlet fluid channels 
10 (46) for leading a fluid through the recess, 

said first and second part being movable in relation to each other between a closed po- 
sition and an open position and arranged such that in the closed position the recess (45) 
of the flow cell element (14) is sealingly covered by the piezoelectric quartz crystal 
(32) so that a flow cell is formed by said flow cell element and said quartz crystal. 

15 

2. A sensor arrangement according to claim 1, characterised in that the first part (8) is 
arranged to move slidably with relation to the second part (11, 12), so that the quartz 
crystal (32) comes into abutment with the flow cell element in the second part (11, 12). 

20 3. A sensor arrangement according to claim 1 or 2, characterised in that the first part 
(8) is guided between said closed and open positions by means of guide rods (28). 

• - * 

r • * 

: 4. A sensor arrangement according to any one of claims 1-3, characterised in that the 
V-: first part (8) is guided along a linear path. 

* « 

:. 25 

: . V 5. A sensor arrangement according to any one of claims 1-4, characterised in that the 
means (9) for receiving the sensor element ( 1 0) has a cavity provided with a slot (16), 

• » ■ 

through which the sensor element can be inserted and an opening (17) through which 
' [ ] • the crystal of the sensor element can come into contact with the flow cell element (14). 



6. A sensor arrangement according to any one of claims 1-5, characterised in that the 
second part (1 1, 12) comprises an sample providing part (1 1) that has a recess in which 
the flow cell element (14) is arranged and an operating part (12) that includes means 
(23, 24) for movement of said first part (8). 

7. A sensor arrangement according to claim 6, characterised in that the means (23, 24) 
for movement of said first part (8) includes a screw (23) which is connected by thread 
engagement to the first part (8) and which is operated by a handle (24). 

8. A sensor arrangement according to any one of claims 1-7, characterised in that the 
second part is provided with electrical contacts (22) for connection with electrical 
contact areas on the sensor element 



9. A sensor arrangement according to claim 8, characterised in that the electrical 
contacts (22) are spring loaded contacting pins. 

10. A sensor arrangement according to any one of claims 8-9, characterised in that the 
electrical contacts (22) are arranged on the sample providing part (1 1). 

1 1 . A sensor element for analysis of fluid samples in a piezoelectric sensor arrange- 
ment, characterised in that it comprises a earner (31) to which a piezoelectric quartz 
crystal (32) is attached, said crystal having a front side and a rear side, where said front 
side is intended to come into contact with the fluid sample and is provided with a front 
electrode (33) and said rear side is provided with a rear electrode (42), both electrodes 
being adapted to receive electric signals for generation of an oscillating motion of the 
crystal, characterised in that the crystal is arranged on the earner in such a manner 
that the front side of the crystal (32) and the front electrode (33) are freely accessible. 

12. A sensor element according to claim 11, characterised in that the electrodes (33, 
42) are electrically connectable to external contacts (22). 



13. A sensor element according to claim 11 or 12, characterised in that the carrier has 
the shape of a plate, having a surface area of 1-100 cm 2 , preferably 5-30 cm 2 and more 
preferably 10-20 cm 2 . 

5 

14. A sensor element according to any one of claims 11-13, characterised in that the 
thickness of the carrier is 0,5-10 mm. 

15. A sensor element according to any one of claims 11-14, characterised in that the 
10 surface area of each electrode (33, 42) is smaller than the surface area of the crystal 

(32), such that each side of the crystal comprises an area between the electrode edge 
and the crystal periphery that is not covered by electrode material and that each elec- 
trode has a connecting portion (33a, 42a) that extends towards the crystal periphery. 

15 16. A sensor element according to any one of claims 11-15, characterised in that the 
carrier comprises a front part (34) and a rear part (35), between which the crystal (32) 
is attached, said front part being provided with an opening (36) for exposure of the 
crystal. 

20 17. A sensor element according to any one of claims 1 1-16, characterised in that the 
carrier comprises a recess or opening in the area of the rear electrode (42), so as to 
. *r : avoid damping of the crystal. 

18. A sensor element according to any one of claims 15-17, characterised in that 

: 25 electrical contacting means (40) are connected to the electrodes at the connecting por- 
i . . tions (33a, 42a) of the electrodes. 

t - - 

19. A sensor element according to any one of claims 15-18, characterised in mat ex- 
O ternaUy accessible electrical contacting areas (37) are provided on the carrier, which 

30 areas are electrically connected to the contacting portions (33a, 42a) of the electrodes. 



20. A sensor element according to claim 19, characterised in that the electrical con- 
tacting areas (37) are situated on the front part (34) of the carrier. 



5 2 1 . A sensor element according to any one of claims 1 5-20, characterised in that the 
connecting portion (42a) of the rear electrode (42) reaches the front side of the crystal, 
so that both electrodes are accessible from the front side of the crystal. 

22. A sensor element according to any one of claims 15-20, characterised in that the 
1 0 carrier comprises an opening in the area of the rear electrode (42) and the connecting 

portion (33a) of the front electrode (33) reaches the rear side of the crystal, so that both 
electrodes are accessible from the rear side of the crystal. 

23. A sensor element according to claim 21 or 22, characterised in that the connecting 
1 5 portions (33a, 42a) are accessible to external contacts. 

24. A sensor element according to any one of claims 1 1-23, characterised in that the 
front electrode (33) is coated with an active substance for analysis of the sample. 

20 25- A sensor element according to any one of claims 1 1-24, characterised in that a 
removable protecting foil is arranged so as to cover the crystal. 

I 26. A sensor element according to claim 25, characterised in that the removable pro- 
tecting foil is resealable. 

» » 

:.25 

► - 

27. A flow cell element (14) characterised in that it is provided with an outwardly 
. — . open recess (45) and inlet and outlet fluid channels (46) by means of which a fluid 
: * • . : sample can be lead through the recess. 
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28. A flow cell element according to claim 27, characterised in that the recess (45) is 
constituted by a ridge (47), which has a smooth upper surface (48) and a bottom, which 
is a flat surface. 

5 29. A flow cell element according to claim 28, characterised in that the ridge (47) has 
a width of 0,05-1 mm. 

30. A flow cell element according to any one of claims 27-29, characterised in that 
the recess has a depth of 0,01-05 mm, preferably 0,05-0,2 mm. 

10 

3 1. A flow cell element according to any one of claims 27-30, characterised in that 
the inlet and outlet fluid channels (46) are arranged close to the periphery of the recess 
and diametrically opposed to each other. 

15 32. A flow cell element according to any one of claims 27-31, characterised in that 
the recess has extensions (52) in which the extensions the inlet and outlet fluid chan- 
nels (46) are arranged. 

33. A flow cell element according to any one of claims 27-32, characterised in that at 
20 least the ridge (47) is made of an elastic material. 

:":*: 34. A flow cell element according to any one of claims 27-33, characterised in that it 
j is made in one piece. 

: . *25 35. A flow cell element according to claim 33 or 34, characterised in that the elastic 
- - - material has a hardness of 45-95° Shore. 



36. A flow cell comprising a flow cell element according to claim 27, wherein the re- 
cess is covered by the crystal of a sensor element according to claim 11. 
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37. A flow cell according to claim 30, characterised in that the recess (45) has a shape 
that corresponds to the shape of the first electrode (33). 

38. A flow cell element according to claim 35, characterised in that the elastic mate- 
rial is polyurethane, silicone or PDMS. 
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Abstract 

A piezoelectric sensor arrangement for analysis of fluid samples, which includes a sig- 
nal source, a measuring device and a docking system, which comprises a first part (8) 
5 provided with means (9) for receiving a sensor element (10) that exposes a piezoelec- 
tric quartz crystal (32) and a second part (1 1, 12) comprising fluid channels (13) for the 
sample and a removable flow cell element (14) that comprises a recess (45) and inlet 
and outlet fluid channels (46) for leading a fluid through the recess. Said first and sec- 
ond parts are movable in relation to each other between a closed position and an open 
10 position and are arranged such that in the closed position the recess (45) of the flow 
cell element (14) is sealingly covered by the piezoelectric quartz crystal (32) so that a 
flow cell is formed by said flow cell element and said quartz crystal. 

Fig. 2a 
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FIG. 1 




FIG. 2b 




Fig. 6b 




Fig. 8 



